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Abstract This paper aims to analyze the effect of transverse surface roughness on
the performance of squeeze film in parallel circular disks with non-Newtonian
ferrofluid under the presence of transverse magnetic field. The modified Reynolds’
equation obtained by applying the Shliomis ferrohydrodynamic model incorpo-
rating the Stokes micro-continuum theory, has been stochastically averaged taking
recourse to Christensen and Tonder’s model for transverse roughness. With the aid
of suitable boundary conditions the equation has been solved to derive the
expression for the pressure distribution, thus resulting in the calculation of load
carrying capacity. The results establish that the transverse surface roughness sig-
nificantly affects the squeeze film performance. This article offers some measures
to compensate the adverse effect of roughness under suitable conditions due to the
positive effect of non-Newtonian ferrofluid.
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1 Introduction

It is well established that ferrofluids can be retained at a desired location by the
application of an external magnetic field. Because of this advantage ferrofluids are
widely applicable. In some of the investigations one comes across the application
of ferrofluid as a lubricant to analyze the squeeze film performance characteristics
of thin film lubricating mechanism [1–5]. Because of the fact that the viscosity of
ferrofluid increases when subjected to external magnetic fields, the magnetic fluid
lubricated squeeze film results in a higher load carrying capacity as compared to
the conventional lubricants. Patel et al. [6] studied the performance of magnetic
fluid based rotating rough circular step bearing. Here it was shown that the
magnetic fluid went a long way in mitigating the negative effect of transverse
surface roughness. Recently, Lin et al. [7] considered the squeeze film perfor-
mance in parallel circular disks lubricated by ferrofluids with non-Newtonian
couple stresses. Here, it has been sought to investigate the effect of transverse
roughness on the configuration of Lin et al. [7].

1.1 Analysis

The stochastically averaged [8–10] modified Reynolds’ equation governing the
pressure distribution for the performance of ferrofluid lubricated squeeze film in
circular disk with non-Newtonian couple stress is found to be [7]
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Solving this equation with the boundary conditions

(1) r ¼ 0,
dp

dr
¼ 0 and (2) r ¼ R, p ¼ 0 the expression for non dimensional

pressure distribution is obtained as
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P ¼ 3 1þ sð Þ 1þ 2:5/ð Þ
f � h�; c;/; sð Þ 1� r� 2

� �

Integrating the film pressure over the film region, yields the load carrying
capacity

W ¼ 3 p 1þ sð Þ 1þ 2:5 /ð Þ
f � h�; c;/; sð Þ

It is clearly seen that the results of Lin et al. [7] can be obtained from this study
by setting the roughness parameters to be zero. For the quantitative analysis the
Figs. 1, 2, 3, 4, 5 and 6 are taken into consideration.
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2 Conclusions

The following conclusions can be drawn from the graphical representation.

(1) Out of the three roughness parameters, it is the skewness which holds the key
for an improved performance as the load carrying capacity increases sharply
due to negatively skewed roughness, even the variance (-ve) increases the load
carrying capacity.

(2) The standard deviation affects the systems adversely, though in most of the
situation the effect is not that significant.
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(3) The positive effect induced by negative skewness further enhances when
variance (-ve) occurs.

(4) In some circumstances, Shliomis model scores over the Newringer Rosenwicz
model.

(5) This investigation strongly suggests that the roughness aspects must be
accorded priority while designing the bearing system, even if suitable mag-
netic strength is in place.
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